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(134 total data files, replicates 1 and 2
separately)

ELL samples, n =40
EDL samples, n =44
HC samples, n =50

+

[ Remove duplicate MFs

1

]
1 N

ELL vs HC ] [ EDL vs HC ] [ ELL/EDL vs HC ]

N/

[

ELL vs EDL

Test for robustness:
Remove MFs >20% missing values
Remove MFs >20% peak area < 500
Limit MFs based on 2 2-fold change in 50% of samples within a group
Limit MFs based on p < 0.05 for each comparison
Limit MFs based on consistent fold change direction between replicates

Test for robustness:
* Remove MFs >20% missing values
* Remove MFs >20% peak area < 500

* Limit MFs based on 2 2-fold change in 50% of samples within a group

* Limit MFs based on p < 0.05 for each comparison

* Limit MFs based on consistent fold change direction between replicates

|

1633 MFs
(826 MF overlap)

~~

1771 MFs
(971 MFs overlap)

|

Pathway analysis

* HMDB
*  Mummichog

|

Structure confirmation
* MS/MS

]—.

1

671 MFs
(167 MFs overlap)

Pathway analysis

* HMDB
*  Mummichog

1750 MFs
(964 MFs overlap)

Di

irected analysis using
validation set
(128 total data files)
ELL samples, n =37
EDLsamples, n= 45
HC samples, n = 46

Figure S-1. Workflow utilized for biosignature development, pathway analyses and validation. For the early
Lyme disease vs HC biosignature (A). Two replicate LC-MS analyses of early Lyme disease (ELL and EDL)
samples and HC were combined to identify a list of differentiating MFs for four comparisons (ELL vs HC, EDL
vs HC, ELL/EDL vs HC, and ELL vs EDL). The data from both LC-MS replicates were combined and screened
for consistency and robustness which resulted in four biosignatures: 1633 MFs for ELL vs HC, 1771 MFs for
EDL vs HC, 1750 for ELL/EDL vs HC. These biosignatures were used for downstream pathway analyses and
directed analysis in a separate validation set of early Lyme disease and HC samples. An identical process was
used for generation and analysis of the ELL vs EDL biosignature consisting of 671 MFs (B).
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Figure S-2. Volcano plot depicting the log, fold change (x-axis) and —logio p-value (y-axis) for the 2193 MFs
(from the combined early Lyme disease vs HC biosignature) as compared to HC. MFs in EDL and ELL are
plotted in blue and red, respectively, for replicate 2. The upper left quadrant contains 247 and 178 MFs and the
upper right quadrant contains 374 and 379 MFs for EDL and ELL, respectively (A). A plot of [log> fold change
from HC| (x-axis) and —logio p-value (y-axis) for the 621 MFs with >1 log, fold change and p < 0.05 in the EDL
vs HC comparison plotted for EDL (blue) and ELL (red) for replicate 2 (B). A plot of log, fold change from HC
(x-axis) and —Logio p-value (y-axis) for the 557 MFs with > 1 log, fold change and p < 0.05 in the ELL vs HC
comparison plotted for EDL (blue) and ELL (red) for replicate 2 (C). The vertical blue lines depict the
approximate mean fold change (2.13 +/- 1.16 and 1.90 +/- 1.36 for B and C respectively) for EDL vs HC and the
vertical red lines depict the approximate mean fold change (1.65 +/- 1.15 and 1.96 +/- 1.09 for B and C
respectively) for ELL vs HC.
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Figure S-3. Scatter plots for replicate 2 depicting log, fold change from HC for EDL (x-axis) and log fold
change from HC for ELL (y-axis) using the 1627 MFs unique to the EL vs HC biosignature (A); or the 105 MFs
unique to the ELL vs EDL biosignature (B); or the 566 MFs in common between the early Lyme disease vs HC
and the ELL vs EDL biosignatures (C). The red dotted line is the line of best fit. Blue shaded box indicates 71 out
of 105 MFs with a [log, fold change| of < 1 from HC for EDL and ELL.
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Figure S-4. Scatter plots depicting the log, fold change from HC for the 566 MFs in common between the early
Lyme disease vs HC and the ELL vs EDL biosignatures. The MFs of the ELL and EDL patients are plotted in red
and blue, respectively. The scatter plots are organized by replicate 1 (A and B) and replicate 2 (C and D) and
depict the fold change magnitude for ELL (B and D) and EDL (A and C) . Solid lines and dotted lines represent 0
and +/- 1 log, fold change from HC, respectively.
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Figure S-5. Mummichog enriched pathways and level of enrichment (logio p-value) for replicate 1 (A-D) and
replicate 2 (E-H) for ELL vs HC (A and E), EDL vs HC (B and F), ELL/EDL vs HC (C and G), and ELL vs EDL

(D and H) biosignatures.
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Figure S-6. LC-MS/MS confirmation MF# 1823 as a polyunsaturated fatty acid metabolite. Extracted ion
chromatogram (EIC) for m/z 279.2327 (positive mode ionization) demonstrates a different retention time (RT) in
a pooled patient sample than that for y-linolenic acid standard (A). MS/MS fragmentation for MF# 1823 and vy-
linolenic acid resulted in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding
to the pooled patient sample are depicted in red and those corresponding to the standard are depicted in black.
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Figure S-7. LC-MS/MS confirmation MF# 2298 as prostaglandin B2. Extracted ion chromatogram (EIC) for m/z
335.2208 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
prostaglandin B2 standard (A). MS/MS fragmentation for MF# 2298 and prostaglandin B2 resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are
depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF peak of
interest.
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Figure S-8. LC-MS/MS confirmation of MF# 2298 as prostaglandin B2. Extracted ion chromatogram (EIC) for

m/z 333.2071 (negative mode ionization) demonstrates matching RT in a pooled patient sample and that for

prostaglandin B2 standard (A). MS/MS fragmentation for MF# 2298 and prostaglandin B2 resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are

depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF peak of

interest.
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Figure S-9. LC-MS/MS confirmation of MF# 1241 as 12-oxo-leukotriene B4. Extracted ion chromatogram (EIC)
for m/z 335.2208 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
12-oxo-leukotriene B4 standard (A). MS/MS fragmentation for MF# 1241 and 12-oxo-leukotriene B4 resulted in
common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient
sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF

peak of interest.

S-11



x10*

0.8q

0.8

15.8 15.9 18 181 162 163 164 165 166 187 168 169 17 171 172 173 174 175 178 177 178 179
Counts vs. Acquisition Time (min)

=
P
179.0741

=
=1
bl

1550725

=)
o
i
1290577

o ©
X
590193

65.0407

137.0873

2191779
271.2108

3151996

0.15

— 177.0860
2A33.1569

1994825

- 1251636

o 0
w o
L
1090682
= @@
1530572

T samat
790604
— w0515
— 107.045
— 1131

119040

= 1449008

0.05

— 336037
— 3[2102

- 2251344
— 297.1888

3 ::suza:n

S| — a21m7

120 140 150 160 170 180 180 200 210 220 230 240 250 260 270 280 210 220 230

Counts vs. Mass-to-Charge (m/z)

=)
a4
=)

100 11

3
3
=
8

X
s
™

@

~
4 3332143

@

o

71.2120

22 09656

w

X} -
o i L i L e I i

8.7457

f0.0168
1791477

;g %i
il .ILH‘.IIH.I‘;J |IL AN

120 140 150 160 170 180 190 200 210
Counts vs. Massto-Charge (m/z)

149.1011

3152073

7

50748
o731
1961080
235130
o2

19,1859

133.0753
2011637
11.7851

253

o

— 830504

—— @410

]
5
|

— 206.9845
— 3024723

— 728705

— 1840932
— Z6 6576

= 285.0006

N

0 220 240 250 260 270 280 290 200 310 220 220

-

~|=e68730

8
g

3

s

8
3
B
Bd—

Figure S-10. LC-MS/MS confirmation of MF# 1241 as 12-oxo-leukotriene B4. Extracted ion chromatogram
(EIC) for m/z 333.2071 (negative mode ionization) demonstrates matching RT in a pooled patient sample and that
for 12-oxo-leukotriene B4 standard (A). MS/MS fragmentation for MF# 1241 and 12-oxo-leukotriene B4 resulted
in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient
sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF
peak of interest.
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Figure S-11. LC-MS/MS confirmation of MF# 1269 as arachidonic acid. Extracted ion chromatogram (EIC) for
m/z 305.2475 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
arachidonic acid standard (A). MS/MS fragmentation for MF# 1269 and arachidonic acid resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are
depicted in red and those corresponding to the standard are depicted in black.
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Figure S-12. LC-MS/MS confirmation of MF# 1269 as arachidonic acid. Extracted ion chromatogram (EIC) for
m/z 303.2330 demonstrates matching RT in a pooled patient sample and that for arachidonic acid standard (A).
MS/MS fragmentation for MF# 1269 and arachidonic acid resulted in common MS/MS fragmentation patterns
(B). Chromatograms and spectra corresponding to the pooled patient sample are depicted in red and those
corresponding to the standard are depicted in black.
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Figure S-13. LC-MS/MS confirmation of MF# 1841 as hydroxyeicosatetracnoic acid (HETE). Extracted ion
chromatogram (EIC) for m/z 321.2424 (positive mode ionization) demonstrates matching RT in a pooled patient
sample and that for 12R-hydroxyeicosatetraenoic acid standard (A). MS/MS fragmentation for MF# 1841 and
12R-hydroxyeicosatetraenoic acid (top) and 8S-hydroxyeicosatetracnoic acid (middle) resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are
depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF peak of
interest.
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Figure S-14. LC-MS/MS confirmation of MF# 53 as glycocholic acid. Extracted ion chromatogram (EIC) for m/z
466.3220 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
glycocholic acid standard (A). MS/MS fragmentation for MF# 53 and glycocholic acid resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are
depicted in red and those corresponding to the standard are depicted in black.
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Figure S-15. LC-MS/MS confirmation of MF# 1601 as glycoursodeoxycholic acid. Extracted ion chromatogram

(EIC) for m/z 450.3209 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that
for glycoursodeoxycholic acid standard (A). MS/MS fragmentation for MF# 1601 and glycoursodeoxycholic acid
resulted in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled
patient sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the
MF peak of interest.
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Figure S-16. LC-MS/MS confirmation of MF# 1601 as glycoursodeoxycholic acid. Extracted ion chromatogram

(EIC) for m/z 448.3068 (negative mode ionization) demonstrates matching RT in a pooled patient sample and that
for glycoursodeoxycholic acid standard (A). MS/MS fragmentation for MF# 1601 and glycoursodeoxycholic acid
resulted in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled
patient sample are depicted in red and those corresponding to the standard are depicted in black.
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Figure S-17. LC-MS/MS confirmation of glycochenodeoxycholic acid. Extracted ion chromatogram (EIC) for
m/z 450.3209 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
glycochenodeoxycholic acid standard (A). MS/MS fragmentation for m/z 450.3209 and glycochenodeoxycholic
acid resulted in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the
pooled patient sample are depicted in red and those corresponding to the standard are depicted in black. Star
indicates the MF peak of interest.
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Figure S-18. LC-MS/MS confirmation of MF# 66 as glycodeoxycholic acid. Extracted ion chromatogram (EIC)
for m/z 450.3209 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
glycodeoxycholic acid standard (A). MS/MS fragmentation for MF# 66 and glycodeoxycholic acid resulted in
common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient
sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF
peak of interest.
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Figure S-19. LC-MS/MS confirmation of MF# 1827 as glycolithocholic acid. Extracted ion chromatogram (EIC)
for m/z 416.3149 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
glycolithocholic acid standard (A). MS/MS fragmentation for MF# 1827 and glycolithocholic acid resulted in
common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient
sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF
peak of interest.
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Figure S-20. LC-MS/MS confirmation of MF# 1827 as glycolithocholic acid. Extracted ion chromatogram (EIC)
for m/z 432.3119 (negative mode ionization) demonstrates matching RT in a pooled patient sample and that for
glycolithocholic acid standard (A). MS/MS fragmentation for MF# 1827 and glycolithocholic acid resulted in
common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient
sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF
peak of interest.
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Figure S-21. LC-MS/MS confirmation of taurochenodeoxycholic acid. Extracted ion chromatogram (EIC) for m/z
500.3045 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
taurochenodeoxycholic acid standard (A). MS/MS fragmentation for m/z 500.3045 and taurochenodeoxycholic
acid resulted in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the
pooled patient sample are depicted in red and those corresponding to the standard are depicted in black. Star
indicates the MF peak of interest.
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Figure S-22. LC-MS/MS confirmation of MF# 1780 as taurodeoxycholic acid. Extracted ion chromatogram
(EIC) for m/z 500.3045 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that
for taurodeoxycholic acid standard (A). MS/MS fragmentation for MF# 1780 and taurodeoxycholic acid resulted
in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient
sample are depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF
peak of interest.
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Figure S-23. LC-MS/MS confirmation of MF# 1264 as 1-octadecylglycero-3-phosphocholine (lyso-PAF (C18)).
Extracted ion chromatogram (EIC) for m/z 510.3924 (positive mode ionization) demonstrates matching RT in a
pooled patient sample and that for 1-octadecylglycero-3-phosphocholine standard (A). MS/MS fragmentation for
MF# 1264 and 1-octadecylglycero-3-phosphocholine resulted in common MS/MS fragmentation patterns (B).
Chromatograms and spectra corresponding to the pooled patient sample are depicted in red and those
corresponding to the standard are depicted in black. Star indicates the MF peak of interest.
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Figure S-24. LC-MS/MS confirmation of MF# 1264 as 1-octadecylglycero-3-phosphocholine (lyso-PAF (C18)).
Extracted ion chromatogram (EIC) for m/z 554.3839 (negative mode ionization) demonstrates matching RT in a
pooled patient sample and that for 1-octadecylglycero-3-phosphocholine standard (A). MS/MS fragmentation for
MF# 1264 and 1-octadecylglycero-3-phosphocholine resulted in common MS/MS fragmentation patterns (B).
Chromatograms and spectra corresponding to the pooled patient sample are depicted in red and those
corresponding to the standard are depicted in black. Star indicates the MF peak of interest.
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Figure S-25. LC-MS/MS confirmation of MF# 923 as 1-eicosanoyl-sn-glycero-3-phosphocholine (lysoPC
(20:0)). Extracted ion chromatogram (EIC) for m/z 552.4023 (positive mode ionization) demonstrates matching
RT in a pooled patient sample and that for 1-eicosanoyl-sn-glycero-3-phosphocholine standard (A). MS/MS
fragmentation for MF# 923 and 1-eicosanoyl-sn-glycero-3-phosphocholine resulted in common MS/MS
fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are depicted
in red and those corresponding to the standard are depicted in black.
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Figure S-26. LC-MS/MS confirmation of MF# 923 as 1-eicosanoyl-sn-glycero-3-phosphocholine (lysoPC
(20:0)). Extracted ion chromatogram (EIC) for m/z 596.3931 (negative mode ionization) demonstrates matching
RT in a pooled patient sample and that for 1-eicosanoyl-sn-glycero-3-phosphocholine (A). MS/MS fragmentation
for MF# 923 and 1-eicosanoyl-sn-glycero-3-phosphocholine resulted in common MS/MS fragmentation patterns
(B). Chromatograms and spectra corresponding to the pooled patient sample are depicted in red and those
corresponding to the standard are depicted in black.
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Figure S-27. LC-MS/MS confirmation of MF# 253 as 1-octadecanoyl-sn-glycero-3-phosphocholine (lysoPC
(18:0)). Extracted ion chromatogram (EIC) for m/z 524.3738 (positive mode ionization) demonstrates matching
RT in a pooled patient sample and that for 1-octadecanoyl-sn-glycero-3-phosphocholine standard (A). MS/MS
fragmentation for MF# 253 and 1-octadecanoyl-sn-glycero-3-phosphocholine resulted in common MS/MS
fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are depicted
in red and those corresponding to the standard are depicted in black.
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Figure S-28. LC-MS/MS confirmation of MF# 253 as 1-octadecanoyl-sn-glycero-3-phosphocholine (lysoPC
(18:0)). Extracted ion chromatogram (EIC) for m/z 568.3632 (negative mode ionization) demonstrates matching
RT in a pooled patient sample and that for 1-octadecylglycero-3-phosphocholine standard (A). MS/MS
fragmentation for MF# 253 and 1-octadecanoyl-sn-glycero-3-phosphocholine resulted in common MS/MS
fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are depicted
in red and those corresponding to the standard are depicted in black.
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Figure S-29. LC-MS/MS confirmation of MF# 1460 as acetylcarnitine. Extracted ion chromatogram (EIC) for
m/z 204.1201 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
acetylcarnitine standard (A). MS/MS fragmentation for MF# 1460 and acetylcarnitine resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are
depicted in red and those corresponding to the standard are depicted in black. Star indicates the MF peak of
interest.
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Figure S-30. LC-MS/MS confirmation of MF# 996 as octanoylcarnitine. Extracted ion chromatogram (EIC) for
m/z 288.2172 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for
octanoylcarnitine standard (A). MS/MS fragmentation for MF# 996 and octanoylcarnitine resulted in common
MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding to the pooled patient sample are
depicted in red and those corresponding to the standard are depicted in black.

S-32



o
1
8502850

5717508

71,0823
- 81.0m63
08585
- 14410081
- 1515047
-

24906

316

—

i
84— soms073

) 0 i 2 3 2 50 180 170 180 190 200 210 220 230 240 250 260 270 280 230 200
Counts vs. Mass-to-Charge (m/z)

vy
g
o |
84
B
8
3
g

8502838

(8]

h
116.97203
3.07649

130.05430

— 132.04576

1309.07618
5852

23.07649

1

"
= 57.03501
- 709605

L 730410
- 11490087

142 96827

- 143.08813
158,

160.07047

167.071
- 175.08351
2A16.09108

8404518
Tam18a
|- sa0s2

- 11103720

ato 220

18.13084

ry

8{— eommiea

2]
o
~
=}
-1
o
@
=3
@
o
%)
o
=1
=3
=1
a
=)

c. =
. Counts vs. Mass-to-Charge (m/z)

1
850000

o
o
1
141,005
24010056

16800441

181.04m

02 B
g

L1
11.0461
170914
1220066
26,012
1310828
1460540

1761164

101 D05

= s1o05
1- o150
— 95000

2% 248 250

"
=
i 218.0841

all ||—.. cala IllulJI,,. o b

— 10

od__t ]l‘ i

115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215

W |[— 25m
e

220

— 2631293

110 120 13 149 153
Cous v&. Masso-Charge (mz)

al-

0 &0 70 «

Figure S-31. LC-MS/MS confirmation of decanoylcarnitine. MS/MS fragmentation for m/z 316.2491 (positive
mode ionization) demonstrates diagnostic fragment ion (m/z 85.02899) (A). LC-MS/MS confirmation of
propionylcarnitine in positive mode. MS/MS fragmentation for m/z 218.1369 demonstrates diagnostic fragment
ion (m/z 85.02838) (B). LC-MS/MS confirmation of hexanoylcarnitine in positive mode. MS/MS fragmentation
for m/z 260.1854 demonstrates diagnostic fragment ion (m/z 85.0300) (C).
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Figure S-32. LC-MS/MS confirmation of MF# 134 as sphingomyelin (d18:1/16:0). Extracted ion chromatogram
(EIC) for m/z 703.5742 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that
for sphingomyelin (d18:1/16:0) standard (A). MS/MS fragmentation for MF# 134 and sphingomyelin
(d18:1/16:0) resulted in common MS/MS fragmentation patterns (B). Chromatograms and spectra corresponding
to the pooled patient sample are depicted in red and those corresponding to the standard are depicted in black.
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Figure S-33. LC-MS/MS confirmation of MF# 189 as sphingosine (d16:1). MS/MS fragmentation for MF# 189
(m/z 272.2583, positive mode ionization) resulted in diagnostic MS/MS fragment ions m/z 254.4709, m/z
236.2315, and m/z 224.2247 corresponding to [M+H — H,O]", [M+H - 2H,0]", and [M+H — H,O - CHO]",
respectively (A).
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Figure S-34. LC-MS confirmation of MF# 2 as 5-oxo-proline. Extracted ion chromatogram (EIC) for m/z
130.0499 (positive mode ionization) demonstrates matching RT in a pooled patient sample and that for 5-oxo-
proline standard (A). MS for MF# 2 resulted in common MS adducts between 5-oxo-proline standard and pooled
sample corresponding to [M+H]", [M+Na]", [2M+H]", and [2M-+Na]" (B). Chromatograms and spectra
corresponding to the pooled patient sample are depicted in red and those corresponding to the standard are
depicted in black.
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